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Characterization – Methanol DRIFTS (MeOH-DRIFTS)

How can metal oxide catalysts be tailored to exhibit 
specific properties?
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• Because many processes use catalysts, highly efficient catalysts 
can reduce waste, energy costs, and time required to run a 
reaction.

• Overcoating enables tuning of catalyst properties, but to apply 
this technique advantageously, subtle effects at the surface level 
must be well documented. 

• Using atomic layer deposition (ALD) to apply atomically precise 
layers of a secondary substance to a catalyst, this study recorded 
the changes in surface chemistry when partial overcoats of 
alumina (TMA) were applied to zirconia, ceria, and titania.
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• ALD can affect reaction channels by altering reaction variables 
such as binding energy, adsorption strength, and interfaces. 
Overcoating by ALD also enhances the durability of catalysts 
under severe reaction conditions.

Characterization – Alizarin Dye/UV-Vis Spectroscopy

Characterization – Meerwein-Ponndorf-Verley (MPV) Reduction
• The MPV reduction reaction was used to probe the relative number of redox sites.

• MeOH-DRIFTS was used to determine the relative proportion of Lewis acid to redox sites. • This study was successful in altering the surface chemistry of 
three metal oxide materials and determining whether they 
displayed interfacial sites when partially overcoated with 
alumina.

• This study adds to the repository of information on metal oxides 
and their behavior when overcoated with other materials.

• In the future, this method could be used to tailor catalysts for 
specific purposes, reducing waste and decreasing energy costs.

• This method could be used to create highly efficient catalysts 
with specific properties or binding energies.

• The synergistic effects demonstrated by some of the catalysts 
could be used to increase reaction yields.

• It is important to understand how overcoating a catalyst affects 
durability, active site availability, and reactivity.

• Expand this study to different types of metal oxides
• Modeling the behavior of metal oxide nanoparticles when 

overcoated with other metal oxides. 
• Engineer highly efficient catalysts using this technique
• Determine how alterations to surface chemistry affect selectivity 
• Collect data on the base sites of the catalysts
• Enhance reaction sustainability across industries

This research was supported primarily by the International Institute 
for Nanotechnology’s Research Experience for Undergraduates 
Program under the National Science Foundation award numbers 
EEC- 1757618. Any opinions, findings, conclusions, or 
recommendations expressed in this material are those of the 
authors and do not necessarily reflect those of the NSF.

• Although widely used in industry, metal oxides are difficult to 
study and tune due to surface heterogeneity, due to a multitude 
of active sites and surface defects.

• Understanding how changing the expression of active sites 
affects catalyst properties and harnessing these effects can 
enhance sustainability across industries.
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Each sample was exposed to MeOH, and the adsorption 
products were recorded using IR spectroscopy.

• Alizarin Dye/Ultraviolet-Visible Spectroscopy was 
used to determine the relative Lewis acid strength.

• Alizarin dye binds to active sites on the catalyst 
surface. The strength of those active sites affects 
the electron distribution to the dye.

• Because the relative peak intensities of partial overcoats for CeO2 did not fall in the expected range, the 

CeO2 series indicated interfacial sites independent of the core and the overcoat of alumina.

• For CeO2, the binding energy of the intermediary overcoats (1, 3, 5, 10 cycles of ALD) were greater than 

the core CeO2 or the alumina overcoat, indicating interfacial sites outside of expected behavior.

• For CeO2 and TiO2, there is an increase in reaction yield independent of the core or overcoat for the 

intermediary overcoats, indicating interfacial sites outside of expected behavior.

*Diagram based on Huttunen, 
2021. (Units: cm-1)
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